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(57) Abstract 

PSAs and PSA constructions, such as self-adhesive labels, are provided, and exhibit good slittability and reduced adhesive build-up 
in printers, including laser printers. In one embodiment, a PSA has a storage modulus at 1000 radians/s and 25 *C of about 5 x 10^ 
dyne/cm^ or higher and a creep at 90 *C of about 125 or less. In one embodiment, the PSA is the polymerization product of a plurality of 
acrylic and other monomers. 
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1 LABEL ADHESIVES AND CONSTRUCTIONS EXHIBITING 

LOW ADHESIVE RESIDUE IN PRINTERS 

FIELD OF INVENTION 

5 The present invention relates to pressure sensitive adhesives (PSAs) and self-adhesive 

labels. More particularly, the invention provides acrylic PSAs and constructions e?diibiting 
improved convertibility and reduced adhesive build-up in printers. 

BACKGROUND OF THE INVENTION 

10 PSAs and self-adhesive labels are now used extensively in the home, in the office and in 

many commercial settings. In a typical construction, a removable release liner is coated with a 
PSA, which is laminated to a label face stock - typically an imprintable paper or plastic. 
Removal of the release liner allows the label to be adhered to a substrate. Such constructions are 
typically produced in large (e.g., 79 in. wide) rolls, which are then slit into smaller (e.g., 1 lin. 

1 5 wide) rolls. Label sheets are made by cutting the resulting rolls into sheets, for example, 8 '/a" 
X 11" sheets, A4 sheets or 5" x 8" sheets. Individual labels are fabricated by die-cutting and 
sheeting the construction. 

A common problem with sheets of PSA labels is edge tackiness at the slit ends of the 
sheets, caused by the tendency of the PSA to flow or "ooze" under pressure, such as the pressures 

20 encountered during the slitting process and while the constructions are wound up in rolls. Edge 
tackiness of label sheets tends to adversely affect the performance of computer printers and 
copiers, which were really designed for printing on paper. The problem is particularly acute with 
thennal printers, such as laser printers and copy machmes. Multi-layer sheets of self-adhesive 
labels tend to leave an adhesive residue in the printer in various locations, including the paper 

25 guides, nip rollers, photoreceptor drum, exit guides, and printer housing. The adhesive build-up 
inside the printer causes paper jams and poor print quality, and requires the printer to be serviced 
more frequently. Adhesive build-up in printers is especially a problem for high volume users of 
self-adhesive labels such as address labels. 

Some attempts have been made to address the problem of edge tackiness and adhesive 

30 build-up in printers. One approach has been lo coat only a portion of the release liner, leaving 
a gap where the sheet edges are to be cut, so that the final 8i4 x 1 lin. sheet has no adhesive 
coated within 3/8 in. of the sheet edge. This approach requires more expensive processing of 
the label construction. Another approach has been to matrix strip the label sheets, i.e., remove 
adhesive and face stock at the edge of the release liner. This approach similarly requires 

35 additional processing. What is needed is a PSA specifically designed to leave very little adhesive 
residue in the printers without sacrificing adhesion to envelopes, file folders, computer diskettes, 
audio/video tapes, corrugated cardboard, polyethylene, and other substrates. 
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1 SUMMARY OF THE INVENTION 

According to the present invention, there are provided PSAs and PSA constructions that 
exhibit good slittability and reduced adhesive build-up in printers, even after thousands of sheets 
of such constructions have been fed through a printer. Preferably, the PSAs have a dynamic 
5 storagemodulus,G',atl000radians/sand25''C,ofabout5xl0 dyne/cm^ or higher, preferably 
about 6x10' dyne/cm^ or higher. If the modulus is greater than 20 x 1 0* dyne/cm^ the adhesion 
properties begin to decrease. Additionally, the PSAs have a creep (% strain) at 90''C of about 
125 or less, preferably about 100 or less, more preferably 60 or less, still more preferably 50 or 
less. 

10 Storage modulus (G') of an adhesive is a measure of the elastic component of the 

modulus, or the energy stored and recovered in a dynamic mechanical measurement. Adhesive 
compositions with a sufficiently high storage modulus are less likely to be displaced by and less 
likely to adhere to cutting blades or dies used in slitting and converting processes. Excellent 
slittability has been achieved by confining the storage modulus of the PSA used in the present 

1 5 invention to about 5x10* dyne/cm- or higher. 

Creep (% strain) is a measure of the deformation over time of an adhesive under a given 
stress at a constant temperature. Adhesive compositions with a relatively low creep have been 
found to exhibit better printer performance, i.e., result in less adhesive build-up in a laser printer. 
In one embodiment of the invention, a new PSA comprises the polymerization product of 

20 a plurality of monomers, comprising, on a percent by weight basis, based on the total weight of 
monomers, (a) about 25 to 35% of at least one alkyl acrylate; (b) about 30 to 50% of a diester of 
a dicarboxylic acid; (c) about 20 to 30% of a vinyl monomer; (d) about 0.5 to 5% of an 
ethylenically unsaturated C3 to C5 carboxylic acid; (e) about 0.15 to 1% of a cross-linking 
monomer selected from the group consisting of multifunctional acrylate and methacrylate, 

25 epoxy-functionalized acrylate and methacrylate, and chelating acrylate and methacrylate; and (f) 
about 1 to 5% of a carboxy acrylate or methacrylate monomer, the homopolymer of which has 
a glass transition temperature below that of poly(acrylic acid). 

In one embodiment, a PSA construction is made by applying the polymerization product 
to a flexible release liner or face stock and, in the case of an emulsion or solvent polymer, driving 

30 off the water or solvent. Linerless PSA constructions can also be made with the PSAs described 
herein. 

The invention is also directed to a method for minimizing adhesive build-up in a printer 
caused by extended printing of adhesive labels. The method comprises selecting a PSA 
determined to have a storage modulus of at least about 5x10* dyne/cm^ at 1000 radians/s and 
35 25 °C and a creep (% strain) at WC of less than about 125. A label construction comprising a 
release liner, the PSA coated on or applied to the release liner, and a face stock laminated to the 
PSA is prepared. The label construction is passed through a printer. 

In another embodiment, the invention is directed to a method for minimizing adhesive 

-2- 
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build-up on a slitting blade during a PSA label-converting operation. The method compnses 
selecting a PSA determined to have a storage modulus of at least about 5x10* dyne/cm^ at 1 000 
radians/s and 25 °C and a creep (% strain) at 90°C of less than about 125. A label construction 
comprising a release liner, the PSA coated on or applied to the release liner, and a fece stock 
laminated to the PSA is prepared. The label construction is slit with the blade, whereby the blade 
is in contact with the release liner, the PSA and the face stock. 

DESCRIPTION OF THE DRAWINGS 

These and other features of the advantages of the present invention will be better 
understood by reference to the following detailed description when considered in conjunction 
with the accompanying drawings wherein: 

FIG. 1 is a frame from a video close-up of a slitting anvil showing the amount of build up 
of the adhesive of Example 1 on the anvil after slitting approximately 2400 feet. 

FIG. 2 is a frame from a video close-up of a slitting anvil showing the amount of build up 
of the adhesive of Example 3 on the anvil after slitting approximately 2200 feet. 

FIG, 3 is a frame from a video close-up of a slitting anvil showing the amount of build up 
of the adhesive of Control 1 on the anvil after slitting approximately 2400 feet. 

FIG. 4 is a frame from a video close-up of a slitting anvil showing the amount of build up 
of the adhesive of Control 2 on the anvil after slitting approximately 2400 feet. 

FIG. 5A depicts the amount of build up of the adhesive of Example 1 in the printer after 
2000 sheets. 

FIG. 5B depicts the amount of build up of the adhesive of Example I in the printer after 
3500 sheets. 

FIG. 6A depicts the amount of build up of the adhesive of Example 3 in the printer after 
2000 sheets. 

FIG. 6B depicts the amount of build up of the adhesive of Example 3 in the printer after 
3500 sheets. 

FIG. 7A depicts the amount of build up of the adhesive of Control I in the printer after 
1900 sheets. 

FIG. 7B depicts the amount of build up of the adhesive of Control 1 in the printer after 
3500 sheets. 

FIG. 8 A depicts the amount of build up of the adhesive of Control 2 in the printer after 
2000 sheets. 

FIG. 8B depicts the amount of build up of the adhesive of Contt-ol 2 in the printer after 
3500 sheets. 
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1 DETAILED DESCRIPTION 

According to a first aspect of the invention, there is provided a PSA which, when part of 
a self-adhesive label or similar construction, exhibits good slittability and reduced adhesive 
build-up in a printer when passed through the printer, while maintaining adhesive performance. 

5 Preferably, the PSA is characterized by a storage modulus, G\ at 1000 radians/s and 25*'C 
reference temperature, of at least about 5x10^ dyne/cm" or higher, preferably about 6x10* 
dyne/cm^ or higher, and a creep (% strain) at 90°C of about 125 or less, preferably about 100 or 
less, more preferably 60 or less, still more preferably 50 or less. In one embodiment, the PSA 
is an acrylic polymer, more preferably an acrylic polymer having a composition as described 

1 0 herein. The adhesive performance is indicated by its performance during a 90 ° peel test at room 
temperature on stainless steel and/or the glass transition temperature (T^) of the adhesive. 
Preferably the construction, when comprising 50 lb uncoated, wood-free, sized 2-sides label 
stock, results in a paper tear during a 90° Peel test at room temperature on stainless steel after 
10 minutes dwell with a force of about 1.0 Ibs./in. More preferably, the construction, when 

1 5 comprising 50 uncoated, wood-free, sized 2-sides label stock, results in a paper tear durmg a 90 ° 
Peel test at room temperature on stainless steel after 1 0 minutes with a force of about 1 .5 IbsVin. 
Still more preferably, the construction, when comprising 50 lb uncoated, wood-free, sized 2-sides 
label stock, results in a paper tear during a 90"^ Peel test at room temperature on stainless steel 
after 10 minutes with a force of about 2.0 lbs./in.. The Tg of the adhesive is preferably less than 

20 ' about 1 5 °C, more preferably less than about 0 °C, and most preferably less than -5 °C. 

In a second aspect of the invention, PSA constructions, such as self-adhesive labels, are 
provided, and consist of at least one layer of the new PSA, adhered to a face stock. The 
constructions preferably fiulher comprise release liners adhered to the side of the PSA opposite 
the face stock. 

25 In a third aspect of the invention, a method for reducing adhesive build-up in a printer is 

provided. The method comprises passing through the printer a PSA label comprising a release 
liner, a PSA coated on or applied to the release liner, and a face stock laminated to the PSA. The 
PSA has a storage modulus of at least about 5x10* dyne/cm^ at 1000 radians/s and 25° C and 
a creep (% strain) at 90°C of less than about 125. It has been found that, when labels according 

30 to the invention are passed through a laser printer, the adhesive build-up in the printer is reduced 
compared to the use of labels not in accordance with the invention. 

In a preferred embodiment, an acrylic emulsion PSA comprises, on a percent by weight 
basis, based on the total weight of the monomers: (a) about 25 to 35%, preferably 27 to 30%, of 
at least one alkyl acrylate; (b) about 30 to 50% of a diester of a dicarboxylic acid; (c) about 20 

35 to 30% of a vinyl monomer; (d) about 0.5 to 5% of an ethylenically unsaturated C3 to C5 
carboxylic acid; (e) about 0.15 to 1% of a cross-linking monomer selected from the group 
consisting of multifimctional acrylate and methacrylate, epoxy-fimctionalized acrylate and 
methacrylate, and chelating acrylate and methacrylate; and (f) about 1 to 5% of a carboxy 
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P«f™Wy,th=alkylaco'laKmon<,me>(s)hai,fomal»ut4toabout8carbo,.ac<)msmlhe 
alky group. Nonlimiting examples of suilable alkyi aaylaBs include butyl aaylate (BA) 
=|hy hexy, aco-la^ (EHA). and isoocyi acylate (lOA). In some embodiment „ J „, L 
alkyl metoco-lates can al^ be included in ,he composition; nonlimidng exampj^ 
m^rylates mclude me,hyta,e,hac,yla,e (MMA) and bu.ylmed,ac.yla.e (BMA). P Jerably 

Two major components ofthe monomer mixture aie a diesterofadicarboxylic acid and 
av,„ylmonomer. Nonlimiting examplesofdestersofadicarboxylicaciduscfulintep^^^^ 
of he present mvention include di-a-ethylhexyl maleat. (DOM) and other dioctyl maleates 
d,-2-e,hy,hexyl iumamte, and mixnnes thereof. Nonlimiting examples of sl^^e lyi 

_s mclude vinylaccta,c(VAc),vi„y,bu,yrate.vi„ylp™pio„a.e.vinylis„bu,y,a^^ 
valerate, vinyl versitate, and mixtures diereof ^ 

tavtng ftom 3 to 5 carbon atoms in the molecule) is included in the monomer mixmre 
Nonhmtting examples include acrylic acid (AA), nedtacrylic acid (MA), and itaconic acid ' 

„„lv„ T!^ * """""^ " '""^ crosslinkable sites to the tesultlng 

polymer. Nonltmttmg examples include multifunctional acryUte and meti«c,yla.e (monomet! 
havtng a least two or more acrylic or methacylie acid or ester functionalities), forZl ^ 
polyetityleneglycoldiac^late. hexanedioldiacrylate, etitoxylated trimethylproXilZL' 
pen^eryt^ttoWacrylateandpolypropylcneglycoldi^Ute^epoxy-toc^^^^ 
metitacrylate. for example, glycdylmethacrylate; and chelating acylate and methac^late Z 
example, acetoacetoxyethyhnethacrylate(AAEMA). ' • " 

To impart a desired acid ftmctionality to U,e polymer without raising the glass transition 
^ratijr.toohigh..sm.ll amount, e.g.,f,oma^ut 1 toaboutSXcfacarb^xya^H 

n^.tiuu.n'latemonomer.fltehomopolymerofwMchhasaglasstnmsitiontempemtu^betowti.a^ 
ofpoly(a^^aeid),isadded.Nonlimitingexamplesofsuchmonomersi„cludep.ar^x^^^^^^ 

Acryhc PSA polymers (more ptecisely, copolymers) are prepared using standard 

^to,ontechni,ues,forexample,freeradicalpolymeri«io„.EmulsionpolA^^ 
^prefetr^ but the reaction can also be run as a solvent polymerization, a bl or hr.^i° 

^ymenzat,on.a«diation.inducedpolymerization„nweb,e.c.l„aprefe.red«nbodiml,rl^ 
actyhc emnlston PSA is prepare! by allowing the monomers to react in an oxyge,^^ 

^^here, mti^presence of suitable poiymenzation initiators and emulsifiers (sut^ctants). 
n^faably, one or more activators and chain transfer agents (or other molecular weigh, 
rcgulators)ar.alsoemployedinthe,.a«ion.Polymerizattonisco„.rolledti,roughselectionL 
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amount of monomers, chain transfer agents, etc. so that the overall gel content of the resulting 
polymer is between about 50 and 70%. with 60-/0 being most preferred. Gel content represents 
L amount of polymer that is insoluble in tetrahydrofuran (THF). expressed as a percentage by 
weight. Although not bound by theory, it is believed that, if the gel content of the polymer is 
much less than about50%, the creep (%strain)ofthe polymer will be too high, andtiiepoly^^^^ 
willnotperformwellinprinters.However,apolymerhavingagelcontentbetweenabout50and 
700/owinnotnecessarilysufficientlyminimize adhesive build-up inaprinterunlessthepol^^^^ 
also exhibits a low creep strain), as exhibited by Control 1 . discussed in the Example secUon 

^'^""" suitable polymerization initiators include, but are.not limited to. persulfates such as 
sodium persulfate (Na^sp,), potassium persulfate, and peroxy persulfates; and peroxides, such 
as tert-butyl hydroperoxide (t-BHP); used alone or in combination with one or mor^ r^ducmg 
components or activators, such as bisulfites, metabisulfites, ascorbic acid, erythorbic acid, 
sodium formaldehyde sulfoxylate. ferrous sulfate, ferrous ammonium sulfate, etc. The activator 
is believed to form a redox couple with the initiator, and promotes faster generatton of free 
radical s 

Enough initiator is used to promote free-radical polymerization of the monomers. 
Preferably, a small amount of base, e.g., ammonium hydroxide, sodium hydroxide, sodmm 
bicarbonate, etc., is added to the initiator. The base appears to stabilize the emulston 

polymen^^^ emulsifiers include both anionic and nonionic surfactants and stabilizers, 
including without limitation, alkyl phenol ethoxylates, such as nonylphenol ethoxylat^ (a 
nonionic surfactant sold as POLYSTEP F9 by Stepan Company Inc. of Wimietka, IL). alkylary 
sulfonates, such as sodium dodecylbenzene sulfonate (an anionic surfactant so d as Rhodacal 
DSIO by Rhone-Poulenc, of Cranbury, N.J.), Rhodacal A246L (an alpha olefin sulfonate 
available from Rhone-Poulenc), and Polystep B27 (alcohol ethoxyl sulfate, an iomc surfactan 
available from Stepan Company). Reactive surfactants can also be used, such as sodium vmyl 
sulfonate (SVS) (available from Air Products, Allentown, PA). The emulsifiers are employed 

in an amount sufficient to form stable monomer emulsions. ^ 
lnsomeembodiments.achaintransfer agent orother molecular weightregulatons added 

to control average polymer chain length, crosslinking. and other properties of the acrylic 
copolymer.Nonlimitingexamplesincluden-dodecylmercaptan(n-DDM).t-dodecylmercaptan 

(t-DDM). monothioglycerol, mercapto acetates, and long chain alcohols. 

Animportantaspectofthepresentinventionis labels andsimilar constructions made with 

the PSAs described herein. In one embodiment, the polymerization product is coated on or 
otherwise applied to a release liner, dried, and laminated to a paper, polymeric or oAer flexible 
face stock. In an alternate embodiment, the polymer is directly applied to a face stock, dried, and 
then laminated to a release liner. In still another embodiment, one or more additional layers of 
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1 material are sandwiched between the release liner and face stock. For example, two different 
PSAs, one widi and one without the preferred storage modulus and creep (% strain) 
characteristics, can be sandwiched between the release liner and face stock. Blends of two or 
more PSAs also can be used. 

5 Nonlimiting examples of polymeric face stocks include polyolefms, such as polyethylene 

and polypropylene; polyesters, such as polyethylene terephthalate (PET); and polyvinyl chloride. 
Nonlimiting examples of paper face stocks include Kraft, bond, offset, litho paper, and sulfite 
paper, with or without a sizing or other surface treatment. Suitable release liners for laser label 
constructions can be paper or film coated with either solventless, solvent-based or water-based 

10 silicone. An example of a suitable release liner for use in connection with the present invention 
is Rhinelander brand super calendered kraft release liner (42#, 2.5 mil, coated with a Dow 
Coming solventless silicone). 

Emulsion and solvent polymers can be coated using conventional coating techniques, 
including, without limitation, slot die, air knife, brush, curtain, excursion, blade, floating knife, 

15 gravure, kiss roll, knife-over-blanket, knife-over-roll, offset gravure, reverse roll, 
reverse-smoothing roll, rod, and squeeze coating. In general, the PSA is coated on a release liner 
or face stock, and the water or solvent is driven off, yielding a polymeric surface with a dry coat 
weight of preferably between about 17 and 25 g/m^ 

EXAMPLES 

The following nonlimiting examples, 1 to 3, are illustrative of the present invention. 
Controls 1 to 4 are presented for comparison. Test methods used to measure modulus, creep, 
glass transition temperature (Tg), and adhesive properties (loop tack, peel and shear) are 
discussed below. Selected bulk properties of the adhesives, as well as performance characteristics 
of the PSA constructions, are presented in Tables 1 to 8. 

Example 1 

A PSA comprising an inherently tacky, acrylic polymer was prepared by emulsion 
polymierization, as follows. An emulsified monomer mixture consisting of 143.50g 2-EHA, 
30 215.00gDOM, 125.00g VAc, 5.00g AA, l.SOgAAEMA, lO.OOg P-CEA, 112.13gHA45.70g 
Polystep B27, and 2.30g Polystep F9 was prepared, with stirring, and contained, on a percent by 
weight basis, based on the total weight of monomers, 28.7% 2-EHA, 25% VAc, 43% DOM, 1 % 
AA, 0.3% AAEMA, and 2% p-CEA. 

Separately, the following solutions of initiators, surfactants, and activators were prepared: 
35 Solution A - 85.00g HjO, 6.00g SVS, 0.35g Polystep B27; Solution B - 29.58g HjO, 0.92g 
K2S2O8; Solution C - 82.72g H20, 2.045g KsS^Og, 0.63 NaHCOj; and Solution D - 14.88g H2O, 
0.365gK2S2O8. 

A reaction vessel was purged with nitrogen, charged with all of Solution A, and heated 

.7- 
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1 to 73 "^C, with stirring (91 RPM). When the temperature reached 73 20. 1 3g of Solution B was 

added over 1 0 min. (at a feed rate of 2.0 1 g/min.) and the reactor contents held for 3 min. or until 

the temperature again reached 73 °C. 

46.28g of the premixed monomer mixture were added to the reactor over 20 min. (at a feed 
5 rate of 2.3 1 g/min.), together with the remainder of Solution B (at a feed rate of 0.52g/niin.). At 

the same time, the temperature was gradually raised to 79 °C, and then maintained at 79*'C for 

15 min. 

The remainder of the monomer mixture was added to the reactor over 270 min. (at a feed 
rate of 2.28g/min.), and Solution C was added simultaneously over 280 min, (at a feed rate of 
10 0.305g/min.), gradually raising the temperature to 82^C and the stirring rate to 1 50 RPM. The 
temperature was then increased to 85 °C. 

After 30 min., half of Solution D was added, and the reactor contents were stirred for 45 
min. The remainder of Solution D was added and the temperature was raised to 90°C over 75 
min. The reactor temperature was then cooled to 35 °C, and the pH was lowered to 5.0 by 
1 5 dropwise addition of anunonia, followed by 1 0 min. more stirring. 

A gel test was conducted to determine the gel content, i.e., the portion of the polymer that 
is insoluble in tetrahydrofuran. The adhesive was coated on a silicone release liner and dried at 
70''C for 10 min. The adhesive was then removed from the release liner, and a 75mg sample of 
the adhesive was accurately weighed and placed in a 10 micrometer polytetrafluoroethylene 
20 membrane filter. The edges of the filter were thermally sealed to contain the sample, and the 
filter was placed in a vial containing about 10ml of the solvent. The vial was agitated for 24 
hrs., and the filter was taken out of the solvent and dried at an elevated temperature for 20 min. 
The filter was weighed and the resulting weight of the sample was used to calculate the percent 
gel as follows: 
25 %gel= (b/a)xl00 

where, 

a = total weight of polymer before treatment 

b = total weight of polymer after treatment 
The resulting emulsion polymer had a gel content of 60% by weight. 
30 A PSA label was prepared by coating the polymer on a Rhinelander brand super 

calendered kraft release liner (42#, 2.5 mil, coated with a Dow Coming solventless silicone), 
drying the PSA-coated liner in an oven for 1 0 min at 70°C, and laminating it to a 50 lb uncoated, 
wood-free, sized 2-sides label stock. The PSA coat weight after drying was about 18 g/ml 

35 Example 2 

Using the release liner and face stock described in Example 1 , a multilayer PSA label was 
prepared with a first acrylic emulsion polymer and a second acrylic emulsion polymer. The 
second emulsion polymer was prepared as described in U.S. Patent No. 5,164,444, Example 3, 
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1 the disclosure of which is incorporated herein by reference, which had a gel content of 65% by 
weight. The first acrylic emulsion polymer was prepared by emulsion polymerization as follows. 
An emulsified monomer mixture was prepared containing 327.5g EHA, 20g p-CEA, 150g 
styrene, 2.5g AAEMA, 1 1 0.8g H.O, and 50.3g Polystep B27. Separately, the following solutions 

5 of initiators, surfactants, and activators were prepared: Solution A - 73g HjO, 6g S VS, and 0.35g 
Polystep B27; Solution B - 29.58g H2O and 0.92g K.S^Og; Solution C - 82.72g HjO, 2.045g 
K2S2O8, and 0.63g NaHCOa; Solution D - 14.88g H2O and 0.365g KaSiOg. 

A reaction vessel was purged with nitrogen, charged with Solution A, and then heated to 
73 •'C with agitation. When the temperature reached 73 °C, 20.13g of Solution B were added to 

1 0 the reactor over 1 0 minutes (at a feed rate of 2 .0 1 g/min). The reactor contents were held for 3 
mm or until the temperature again reached 73 °C. 

46.28g of the premixed monomer were added to the reactor over 20 minutes (at a feed rate of 
2.3 1 g/min), together with the remainder of Solution B (at a feed rate of 0.52g/min),At the same 
time, the temperature was gradually raised to 79 °C in increments of 1 .5 °C every 5 minutes. The 

1 5 temperature was maintained at 79*'C for 1 5 min. 

The remainder of the monomer mixture was added to the reactor over 270 min (at a feed 
rate of 2.28g/min), and Solution C was added simultaneously over 280 min. (at a feed rate of 
0.305g kg/min), gradually raising the temperature to 82''C and the agitation rate to 1 50rpm. The 
temperature was then increased to 85 °C. After 30 min., half of Solution D was added, and the 

20 reactor contents were held for 45 min. The remainder of Solution D was added, and the 
temperature was raised to 90°C over 75 min. The reactor temperature was then cooled to 35°C, 
and the pH was lowered to 5.0 by the addition of ammonia, followed by 10 min. more stirring. 
Kathon was added, mixing was continued, and the mixture was filtered. The gel content of the 
polymer was 78%. 

25 The two PSAs were simultaneously coated on the release liner with a dual die coater, and 

then laminated to the face stock. The first adhesive was adjacent to the face stock and is referred 
to as the face side adhesive (FSA). The second adhesive was adjacent to the release liner, and 
is referred to as the liner side adhesive (LSA). The dried coat weight of the adhesives (in 
combination) was about 1 8 g/m^. 

30 

Example 3 

Using the method, release liner, and face stock identified in Example 1, a PSA label was 
prepared with a blend of two PSAs described below. The dried coat weight of the PSA was 
about 18 g/m^. 

.35 A repulpable emulsion acrylic copolymer was prepared by sequential polymerization using the 
polymerization described below. An initial reactor charge C was prepared containing 
120 g H2O (DI), 0.1 g Fe(EDTA), 30 g AR150, 10 g SVS, and 7.5 g HjO.. A multi-necked 
reaction vessel equipped with nitrogen inlet valve, stirrer and thermometer was charged with 
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1 initial reactor charge C, a deionized water solution of surfactants, hydrogen peroxide and 
FeEDTA, and the temperature raised to 70 °C for 30 minutes. In four separate vessels, surfactant 
solutions Al and A2 and monomer mixes Bl and B2 were prepared. Surfactant solution Al 
contained 90 g DI water, 20.0 g J927, and 1 .875 g sodium bicarbonate. Surfactant solution A2 

5 contained 61.8 g DI water, 28.03 g J927, and 1.875 g sodium bicarbonate. Monomer mix Bl 
contained 50 g EHA, 95.64 g BA, 70 g VAc, 25.0 g MA, 6.0 g MAA, 23.0 g AA, and 
0. 1 5 g nDDM. Monomer mix 32 contained 1 68.75 g EHA, 25.0 g MA, 5.0 g AA, 30.0 g MAA, 
and 1.25 g nDDM. Pre-emulsions I and II were prepared by mixing soap solution Al and 
monomer mix B 1, and soap solution A2 and monomer mix B2, respectively. Catalyst charge D, 

1 0 containing 2.25 g KjSjOg (KPS), 9.0 g NaHCOj, and 1 0.0 g DI water, was added to the reactor, 
at 70°C and mixed for 10 minutes. Accelerator solution E was prepared containing 90 g DI 
water and 0.75 g AWC, and catalyst solution F was prepared containing 0,78 g KPS and 1.8 g 
t-BHP. 32 grams of pre-emulsion I and 4.5g of accelerator solution E were added to the reactor 
over 1 5 minutes. After a delay of 10 minutes, pre-emulsion I, half of accelerator solution E, and 

1 5 half of catalyst solution F were then fed into the reactor over a 90 minute period. Pre-emulsion 
II, and the remainder of solutions E and F were fed into the reactor, over a 90 minute period. 
After completion of the monomer and catalyst feeds, the reactor was held at 70°C for an 
additional 60 minutes to cook off any residual monomers. Separate aqueous solutions Gl, 
containing 0.5 g t-BHP, and G2, containing 2.0 g DI water and 0.15 g ascorbic acid, were 

20 introduced to the reactor in two stages. First, one half of Gl and G2 was added, followed 15 
minutes later by the other of Gl and G2. The reactor was held at 70°C for 30 minutes, and then 
cooled to 35 ""C. A biocide, Kathon LX, available from Rohm & Haas Company, Inc. 
(Philadelphia, PA) was added to the reactor as a 1 .5% aqueous solution. The resulting repulpable 
emulsion acrylic copolymer had apH of from about 5 to 6, more preferably from about 5.2 to 5.5. 

25 The repulpable emulsion copolymer was blended at 60% level with a polymer similar to 
Polymer B described in U.S. Patent No. 5,536,800, the disclosure of which is incorporated by 
reference herein. 

Controls 1 to 4 

30 Usmg the method, release liner, and face stock identified in Example 1 , Controls 1 to 4, 

were prepared, with the following PSAs: 

Control 1 - the acrylic emulsion adhesive identified as the FSA in Example 2. 
Control 2 - an acrylic emulsion adhesive prepared from an emulsion acrylic copolymer 
prepared from a monomer mixture containing (i) about 10 to 20 parts 2-ethylhexyl aery late 
35 (EHA), (ii) about 60 to 80 parts butyl aery late (BA), (iii) about 2 to 10 parts methyl acrylate 
(MA), (iv) about 2 to 10 parts vinyl acetate (VA), (v) about 1 to 5 parts acrylic acid (AA), and 
(vi) about 1 to 5 parts methacrylic acid (MAA). To the resulting emulsion acrylic copolymer was 
added(i) 12% Snowtack 301A (Eka Nobel) and (ii) 6% of an emulsion acrylic polymer as 
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1 generally described in Example ElO of U.S. Patent No. 5,536,800, the disclosure of which is 
incorporated herein by reference. 

Control 3 - an acrylic emulsion PSA similar to Control 1, but with a tackifying 
component (and similar to the PSA of Example 1 8M of U.S. Patent No. 5,623,01 1 , the disclosure 
5 of which is incorporated by reference herein). 

Control 4 - an acrylic emulsion blend of 60% of Example E-16 and 40% Polymer B 
described in U.S. Patent No. 5,536,800, the disclosure of which is incorporated by reference 
herein. 

10 Test Methods and Results 

In separate tests, theadhesives and label constructions described above were evaluated for 
dynamic storage modulus (G' at 1000 radians/s and 25 °C), creep (% strain) at 90°C, glass 
transition temperature (Tg), slittability (adhesive build-up on the slitting blades and anvils), 
printer performance (adhesive build-up in a laser printer), and adhesive performance (loop tack, 
15 peel, and shear), using the following procedures. A description of the theory relating to the 
measurement of modulus and creep is provided in "Viscoelastic Properties of Polymers", John 
D. Ferry, 3"* Edition, John Wiley & Sons, 1980, the disclosure of which is incorporated herein 
by reference. 

20 Dynamic Storage Modulus 

The dynamic storage modulus at 1000 radians/s and 25 °C was determined from a master 
curve generated on an RMS800 rheometer by Rheometric Scientific, Inc. (Piscataway, New 
Jersey). The master curve (or dynamic mechanical spectrum) was plotted over a frequency of 
1 0'* to 1 0'° radians/s. A sample of dried adhesive 1 to 2 mm thick was used in 8mm and 25mm 
25 diameter parallel plates, and the reference temperature was 26±1 ""C. As used herein, unless 
otherwise indicated, the term "storage modulus" refers to the storage modulus as determined as 
described above. 

Creep at 90^C 

30 The creep (%strain) was measured on a DSR500 rheometer by Rheometric Scientific, Inc. 

(Piscataway, New Jersey). A sample of dried adhesive 1 to 2 mm thick was used in 25 mm 
diameter parallel plates. The creep (% strain) of the sample was measured under a load of 500Pa 
at 90 °C for 20 min. As used herein, unless otherwise indicated, the term "creep (% strain)" refers 
to the creep as determined as described above. 

35 

Glass Transition Temperature 

The glass transition temperature, Tg, i.e., tlie temperature at which the polymer changes 
from a glassy to a rubbery state, was taken as the temperature at which the maximum tangent 
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delta occurs in a temperature sweep from -80 ""C to 100°C at a frequency of 10 radians/s 
generated on an RMS800 by Rheometric Scientific, Inc. (Piscataway, New Jersey). 

The results of the modulus, creep, and Tg measurements are presented in Table 1. 

Table 1 - Modulus, Creep and 
Glass Transition Temperature of Selected PSA^s 





G' at 1000 


Creep at WC 




Sample 


radians/s & 25*'C 


(% strain") 






Cdvne/cm-") 






PSA of Ex. 1 


6.7 X 10* 


41 


-6 


FSAofEx.2 


6.9 X 10* 


53 


-6 


PSA of Ex. 3 


12.0 X 10* 


56 


-4 


PSA of Con. 1 


4.4 X 10* 


69 


-11 


PSA of Con. 2 


3.1 X 10* 


172 


-22 


PSA of Con. 3 


2.7 X 10* 


242 


-13 


PSA of Con. 4 


16.1 X 10* 


504 


10 



Adhesive Build-Un During Slitting 

An overall rating of adhesive build-up during the slitting process (low, medium, and 
high) was assigned to each PSA based on a visual examination of the slitting blades and anvils 
and a gravimetric analysis of adhesive build-up. Each label construction was prepared as a 
25in. wide, 1 700ft. or 2500ft. long roll, and then slit into smaller, 1 lin. wide rolls, which were 
then cut into SVzin, x llin. sheets. Slittmg was accomplished with 3 pairs of stainless steel 
blades and anvils, set at a 0.5 blade-to-anvil cant angle and a 0.0625 in. overlap. (The actual, 
measured overlap ranged from 0.037 to 0.077 in.) The side load pressure was kept constant 
throughout the slitting process. The rolls were slit at a web speed of 400 ft./min., with high 
speed (500 frames/s) video close-ups of the blades and anvils taken every 500ft. Using a razor 
blade and weighing paper, the adhesive residue on the blades and anvils was removed and 
weighed after slitting each 2500ft. long roll. 

The adhesive buildup rating was made by assigning a value of none (0), low (1), 
medium (2), high (3), or very high (4) to the amount of adhesive build-up on the blades and 
anvils. Thus, for each test, 6 total ratings were given (3 anvil ratings and 3 blade ratings), 
permitting a maximum subjective rating of 24, with a low rating indicative of good slittability, 
i.e., low adhesive build-up. The results of two tests are presented in Tables 2 and 3. 

Frames of video close-ups of the slitting anvil are presented in FIGs. 1 to 4. FIG. 1 
illustrates the small amount of the adhesive of Example 1 that built-up on the anvil after 
approximately 2400 feet. FIG. 2 illustrates the small amount of the adhesive of Example 3 that 
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1 built-up on the anvil after approximately 2200 feet. FIGs. 3 and 4 illustrate the large amount 

of Control adhesives 1 and 2, respectively, that built-up on the anvil after approximately 2400 
feet. 



5 

Table 2 





Slittinv Performance of Selected PSA's 


-Testl 






Adhesive 






Adhesive Build-up 


Build-up 


Adhesive Build-up 


Construction 


fSubi. Ratine) 


(Grains) 


f Overall Rating") 


Ex. 1 


6.5 


0.081 


low 


Ex.3 


3.5 


0.043 


low 


Con. 1 


13 


0.168 


medium 


Con. 2 


18 


0.401 


high 






Tables 






Slittiner Petformance of Selected PSA's 


-Test 2 


Construction 
Ex. 1 
Ex.2 
Ex.3 
Con. 1 
Con. 3 
Con. 4 


Adhesive Build-up 
Rating 
4.5 
13 
5 
11 
13 
9 


Adhesive 
Build-up 
(Gramsl 
0.028 
0.107 
0.040 
0.073 
0.120 
0.060 


Adhesive Build-up 
^Overall Ratins) 
low 
medium 

low 
medium 
medium 
low 



Printer Performance/ Adhesive Build-Up in Printer 

To evaluate the printer performance of the new adhesives and controls, 3500 sheets of 
label constructions of each of the Examples and Controls, prepared as described above, were 
fed through a Hewlett Packard 4Plus laser printer, which was then examined for adhesive build- 
up. To facilitate the visual inspection, 200 ppm of a fluorescent dye, Tinopal SFP (available 
from Ciba-Geigy) was blended mto each adhesive prior to coating. Using UV light for 
illumination, photographs of the back interior chamber housing (the area of the printer after the 
fiiser, where the printer housing deflects the sheets up and out of the printer), were taken after 
every 500 sheets. Based on a visxial examination of the photographs, an assessment of adhesive 
build-up (none, very low, low, medium, or high) was recorded after every 500 sheets, for each 
PSA construction. In addition, "black-out" and "whiteout" sheets (sheets with 100% and 0% 
toner coverage, respectively) were printed and visually inspected for spots and defects 
(indicative of adhesive build-up on the photoreceptor of the printer). Based on the photographs 
and the black-out and white-out tests, an overall printer adhesive build-up rating Gow, medium, 
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10 



or high) was assigned to each PSA construction. The results of two tests are presented in 
Tables 4 and 5, 

Photographs of the adhesive build-up in the printer are presented as FIGs. 5 A to 8B. 
FIGs. 5 A and 5B depict that the small amount of the adhesive of Example 1 that built-up in the 
printer after 2000 sheets and 3500 sheets, respectively. FIGs. 6A and 6B depict that the 
relatively small amount of the adhesive of Example 3 that built-up in the printer after 2000 
sheets and 3500 sheets, respectively. FIGs. 7A and 7B depict that the relatively large amount 
of the adhesive of Control 1 that built-up in the printer after 1900 sheets and 3500 sheets, 
respectively. FIGs. 8A and 8B depict that the relatively large amount of the adhesive of 
Control 2 that built-up in the printer after 2000 sheets and 3500 sheets, respectively. 



15 



20 



Table 4 

Printer Performance of Selected PSA's - Test I 
Adhesive Build-up and Overall Rating 



Sample 


500 


1000 


Ex, 1 


none 


very 






low 


Ex.3 


very 


very 




low 


low 


Con. 1 


very 


very 




low 


low 


Con. 2 


med. 


med. 



1500 
very 
low 
very 
low 
very 
low 
high 



2000 
very 
low 
low 

low 

high 









Overall 








Build-up 


2500 


3000 


3500 


Rating 


low 


low 


low 


low 


low 


low 


low 


low 


med. 


med. 


med. 


med. 


high 


high 


high 


high 



25 



30 



35 



Table 5 

Printer Performance of Selected PSA's - Test 2 
(Adhesive Build-up and Overall Ratine 



Overall 
Build-up 
Rating 
very 
low 
very 
low 
none 
med. 

very 
high 
very 
high 



Substrate Adhesion 

The Substrate Adhesion tests were conducted to determine the ability of a label to 
adhere to a variety of substrates that are commonly used in the office environment. The 



Samole 


500 


1000 


1500 


2000 


2500 


3000 


3500 


Ex. 1 


none 


none 


none 


very 


very 


very 


very 








low 


low 


low 


low 


Ex.2 


none 


none 


very 
low 


very 
low 


very 
low 


very 
low 




Ex.3 


none 


none 


none 


none 


none 


none 




Con. 1 




very 
low 


very 
low 


very 
low 


low 


low 


med. 


Con. 3 


very 
low 


low 


med. 


very 
high 








Con. 4 


low 


very 
high 
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substrates include a white Xerox paper, #10 white envelopes, brown mailing envelopes, white 
Tyvek envelopes, corrugated board, manila file folders, and computer diskettes. The adhesive 
constructions were die cut in the machine direction to 1 x 2.5 inch samples. The liner was 
removed, and the labels were manually applied to each substrate. Each label was rolled dovm 
twice using a 2kg (4.51b.) rubber covered roller. For diskette application, the label was applied 
over the edge of the diskette. The labels were tested initially (after 20 min.), after aging at 
room temperature for 1 week and 2 weeks and after aging at eO'^C for 1 week and 2 weeks. 

After the correct test period, the labels were evaluated for lift then removed from the 
substrate and given a ranking according to following guidelines: 

10) lift <l/64", the label did not tear but the substrate tore or the label tore and pulled 
many fibers from the substrate; 

9) lift<l/32", the label did not tear but pulled many fibers from the substrate or the 
label tore and pulled few fibers; 

8) lift<2/32", the label did not tear but pulled a few fibers from the substrate or the label 
tore and pulled very few fibers; 

7) lift<3/32", the label did not tear but pulled very few fibers from the substrate or the 
label tore and pulled very, very few fibers; 

6) lift<4/32", the label does not tear but pulled very, very few fibers from the substrate 
or the label tore and pulled no fibers; 

5) lift<5/32", the label did not tear and pulled no fibers from the substrate; 

4) lift<6/32", the label did not tear and pulled no fibers from the substrate; 

3) lift<7/32", the label did not tear and pulled no fibers from the substrate; 

2) lift<8/32", the label did not tear and pulled no fibers from the substrate; 

1 ) lift>8/32", the label did not tear and pulls no fibers from the substrate. 

A rating of 6 or above is acceptable for permanent adhesion. Samples were tested in 
triplicate for each test period. The results are shown in Table 6 below. 



Table 6 



Svibstrata: Xerox paper 


adhesive 


initial, 20min. 


IwkRT 


2wk RT 


Iwk 60X 


2wk60"C 


Control 1 


10 


9 


10 


9 


10 


Example 1 


10 


9 


9 


10 


10 


Example 3 


8 


10 


10 


9 


10 


Control 2 


10 


10 


10 


10 


10 


Example 2 


10 


10 


10 


10 


10 


Control 4 


9 


10 


10 


10 


10 
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10 



15 



20 



25 



30 



Substrate: #10 white envelo 


pe 






initial, 20min. 


1vi/k RT 


2wk RT 


Iwk 60X 


2wk 60X 


Control 1 


10 


10 


10 


10 


10 


Example 1 


10 


10 


9 


10 


9 




1 


10 


9 


10 


10 


Control 2 


10 


9 


10 


10 


10 


Example 2 


9 


10 


10 


9 


10 


Control 4 


6 


10 


10 


10 


10 
















Siibstrate: brown mailing envelope 




adhesive 


initial. 20min. 


Iwk RT 


2wk RT 


Iwk 60°C 


2wk 60X 


Control 1 


9 


9 


10 


10 


10 


Example 1 


9 


10 


9 


10 


10 


Example 3 


7 


9 


9 


8 


9 


Control 2 


9 


9 


9 


10 


10 


Example 2 


8 


9 


9 


9 


9 


Control 4 


8 


9 


10 


10 


10 
















Substrate: white Tyvek 




adhesive 


initial, 20min. 


Iwk RT 


2wk RT 


1wk 60°C 


2wk 60°C 


Control 1 


7 


10 


10 


10 


10 


Example 1 


10 


10 


9 


9 


10 


Example 3 


1 


7 


8 


10 


10 


Control 2 


4 


10 


10 


9 


9 


Example 2 


10 


10 


10 


10 


10 


Control 4 


7 


10 


10 


10 


10 
















Substrate: corrugated 




adhesive 


initial, 20min. 


IwkRT 


2wk RT 


Iwk 60X 


2wk 60^C 


Control 1 


9 


10 


10 


10 


10 


Example 1 


9 


9 


10 


9 


10 


Example 3 


8 


8 


6 


6 


6 


Control 2 


8 


9 


10 


10 


10 


Example 2 


8 


10 


10 


10 


10 


Control 4 


1 


1 


1 


10 


7 
















Substrate: Manila file folder 




adhesive 


initial, 20niin. 


IwkRT 


2wk RT 


Iwk 60°C 


2wk 60 ''C 


Control 1 


10 


10 


9 


9 


9 


Example 1 


9 


9 


10 


10 


9 


Example 3 


1 


9 


9 


9 


9 


Control 2 


10 


10 


9 


9 


9 


Example 2 


9 


10 


9 


10 


10 


Control 4 


8 


10 


10 


10 


10 















35 
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5 



15 



20 



Substrate: TDK diskette 




aanesive 


initial, 20min. 


1wk RT 


2wk RT 


Iwk 60X 


2wk 60°C 


uoniroi 1 


10 


10 


10 


4 


4 


cxampis 1 


10 


10 


10 


1 


1 


cxaiTipie o 


10 


10 


7 


1 


1 


Lroniroi 


10 


10 


10 


10 


10 


sample z 


10 


10 


10 


4 


4 


L/Oniroi ** 


10 


4 


1 


1 


1 
















Substrate: Sony dislcotte 




aanesive 


initial. 20min. 


Iwk RT 


2wk RT 


1wk 60°C 


2wk 60°C 


uontroi 1 


10 


10 


10 


9 


9 


Example 1 


10 


10 


10 


7 


7 


Example 3 


10 


10 


10 


6 


4 


oontroi ^ 


10 


10 


10 


10 


10 


Example 2 


10 


10 


10 


8 


6 


control 4 


10 


10 


10 


10 


10 
















Siobstrate: Verbatim disket 


te 




adhesive 


initial. 20min. 


Iwk RT 


2wk RT 


Iwk 60°C 


2wk 60 


Control 1 


10 


10 


10 


1 


1 


Example 1 


10 


10 


10 


1 


1 


Example 3 


10 


10 


10 


1 


1 


Control 2 


10 


10 


10 


1 


1 


Example 2 


10 


10 


10 


1 


1 


Control 4 


10 


9 


9 


1 


1 



Adhesive Performance 

Adhesion tests were conducted on the inventive and comparative adhesives using the 
following tests. The results of the tests are reported in Tables 7, 8 and 9. 

Peel Adhesion 

The adhesive was coated at a coat weight of 1 8 g/mr onto a silicone coated release liner 
and then laminated to a 50 lb. paper facestock, forming a laminate construction. The resulting 
construction was die-cut into 25 x 204 nun (1 x 8 in) strips. The strips were applied centered 
along the lengthwise direction to stainless steel test panels and rolled down using a 2 kg (4.5 
lb.), rubber coated steel roller, rolling back and forth once, at a rate of 30 cm/min (12 in/min). 
After being conditioned for 24 hours in a controlled environment testing room maintained at 
21 (70 ^^F) and 50% relative humidity, the test strips were peeled away from the test panel 
in an Instron Universal Tester at a peel angle of ISO'', i.e., folded back on itself and parallel 
to the surface of the panel at a rate of 30cm/min (12 in/min). The force to remove the adhesive 
test strip from the test panel was measured in lbs./in. All tests were conducted in triplicate. 

Polyethylene and corrugated cardboard panels were also used at dwell times of 1 0 min. 
and 24 hr. and peeled at 1 80 or 90 , as indicated. Elevated temperature agmg of the adhesive 
laminate were conducted by conditioning the samples in a 70**C oven for one week. 

-17- 



2/25/05, EAST version: 2.0.1.4 



wo 00/36039 



PCTAJS99/29906 



1 

Room Temperature Shear CRJS) 

The samples were cut into 12 x 51 mm ('/j x 2 in) test strips and applied to a stainless 
steel panel resulting in an overlap area of 1 .27 x 1 .27 cm (Vi x in). The sample portion on 
5 the test panel was rolled down using a 2 kg (4.5 lb.) rubber coated steel roller, rolling back and 

forth once, at a rate of 30 cm/min (12 in/min). After a dwell time of 20 minutes under standard 
laboratory testing conditions, the test panels with the test strips on them were then placed at an 
ai^le of 2° from the vertical, and a load of 500 g was attached to the test strips free end. The 
time in minutes for the sample to fail cohesively was measured by a timer. All tests were 
1 0 conducted in triplicate. 

Loop Tack 

Loop tack measurements were made for 25 mm ( 1 in) wide strips using stainless steel, 
polyethylene or corrugated cardboard as the substrate at a removal rate of 30cm/min (12 

1 5 in/min), according to standard test 1 994 TLMI Test L-IB2, TLMI Loop Tack Test, by the Tag 
and Label Manufacturers Institute Inc. (TLMI), using an Instron Universal Tester Model 4501 
from Instron (Canton, MA). Loop tack values were taken to be the highest measured adhesion 
value observed during the test. 

Failure modes were reported as follows: 

20 PT Paper Tear OZ Occasionally Zippy 

P Panel Failure LFP Light Fiber Pick 

Z Zippy SFP Slight Fiber Pick 

Table? 



25 



30 



Stainless Steel Adhesion 












90° Peel 


Aged 90° Peel 




Sample 


Looptack 


no min.) 


. nOmin.) 


RTS 


Ex. 1 


2.67 PT 


2.03 PT 


1.65 P/PT 


1765 min. 


Ex.2 


3.08 PT 


1.75 PT 


2.13 PT 


87 min. 


Ex.3 


2.72 PT 


1.59 PT 


1.32 P 


295 min. 


Con. 1 


3.24 PT 


1.90 PT 


1.49 P/PT 


84 min. 


Con. 3 


3.51 P/PT 


2.37 PT 


1.48 P 


16 min. 


Con. 4 


2.7 P 


1.99 PT 


1.52 P/PT 


25 min. 



35 
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Table 8 



Polvethvlene Adhesion 



5 









180° Peel 


90° Peel 


90° Peel 


Aged 90° Peel 


Sample 


Looptack 


no min.) 


(24 hrs.) 


no min.) 


^24 hrs.) 


(10 min.) 


Ex. 1 


1.49 P 


3.32 PT 


3.44 PT 


1.53 PT 


1.47 PT 


0.61 Z 


Ex.2 


1.56 P 


3.35 PT 


3.25 P/PT 


1.26 P/PT 


1.73 PT 


1.11 P 


Ex.3 


0.48 P 


3.41 P 


3.61 P 


0.66 Z 


0.59 Z 


0.70 P 


Con. 1 


1.58 P 


3.85 P/PT 


3.56 PT 


1.20 P/PT 


1.37 PT 


l.llP 


Con. 3 


2.20 P 


3.90 PT 


3.81 PT 


1.64 P/PT 


2.18 PT 


1.32 P 


Con. 4 


1.02 P 


3.26 P/OZ 


1.61 OZ 


0.50 Z 


0.38 Z 


0.45 Z 



Table 9 



Corrugated Adhesion 



20 







180° Peel 


180° Peel 


90° Peel 


90° Peel 


Aged 90° 


Sample 


Looptack 


no min.) 


(24 hrs.) 


aO min.) 


(24 hrs.) 


no min.) 


Ex. 1 


0.92 LFP 


2.74 PT 


2.62 PT 


1.26 


1.17PT 


0.60 










LFP/PT 




LFP 


Ex.2 


1.05 P 


3.08 PT 


3.49 PT 


1.05 


1.10 


0.83 










LFP/PT 


FP/PT 


LFP 


Ex.3 


0.32 P 


1.84 


1.97 PT 


0.58 


0.82 PT 


0.31 






LFP/PT 




SFP/PT 




LFP 


Con. 1 


1.32 LFP 


2.83 PT 


2.93 PT 


0.87 


1.19 PT 


0.68 










LFP/PT 




LFP 


Con. 3 


1.33 LFP 


3.15 


2.54 PT 


0.80 LFP 


0.84 


0.43 LFP 






LFP/PT 






P/LFP 




Con. 4 


l.lOP 


3.09 PT 


2.94 PT 


0.77 


1.31 PT 


0.57 LFP 



LFP/PT • 

The data presented in Tables 2 to 9 demonstrate that the new PSAs and constructions 
exhibit significant improvement in slittability (decreased adhesive build-up on the blades and 
30 anvils) and printer performance (decreased adhesive build-up in the printer), without sacrificing 
' overall adhesive performance. Viewed in conjunction with Table 1, the data confirms the 
strong correlations between (1) storage modulus and slittability and (2) creep at 90°C and 
printer performance, a unique and unexpected result. For example, Control 4 has a high storage 
modulus and therefore causes low adhesive build up during slitting; however, because of its 
3 5 high creep it does not have good printer performance. Similarly, when an adhesive has a low 
creep value but has a low storage modulus, it will not exhibit good printer performance. 

Throughout the text and the claims, use of the word "about" in relation to a range of 
numbers is intended to modify both the low and the high values stated. 
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1 WHAT IS CLAIMED IS: 

1 . A pressure-sensitive adhesive (PSA) construction comprising: 
a face stock, and 

a PSA laminated on the face stock, the PSA having a storage modulus of at least about 
5x10^ dyne/cm^ at 1000 radians/s and 25 °C and a creep (% strain) at 90**C of less than about 
125; 

wherein the construction, when comprising 50 lb paper face stock, results in a paper tear 
during a 90** Peel test at room temperature on stainless steel after 10 minutes with a force of 
at least about 1.0 lbs./in. 

2. A PSA construction according to claim 1, wherein the PSA has a storage 
modulus of at least about 6x10^ dyne/cm^ at 1000 radians/s and 25 °C. 

15 3. A PSA construction according to claim 1, wherein the PSA has a creep (% 

strain) at 90° C of less than about 100. 

4. A PSA construction according to claim 1, wherein the PSA has a creep (% 
strain) at 90 "^C of less than about 60. 

20 

5. A PSA construction according to claim 1, wherein the PSA has a creep (% 
strain) at 90 °C of less than about 50. 

6. A PSA construction according to claim 1, wherein the PSA has a storage 
25 modulus of at least about 6x10^ dyne/cm^ at 1 000 radians/s and 25 °C and a creep (% strain) 

at 90 °C of less than about 60. 

7. A PSA construction according to claim 6, wherein the PSA has a creep (% 
strain) at 90°C of less than about 50. 

30 

8. A pressure-sensitive adhesive (PSA) construction comprising: 

a PSA having a storage modulus of at least about 5x10^ dyne/cm^ at 1 000 radians/s and 
25 ""C, a creep (% strain) at 90 °C of less than about 125, and a Tg of less than about O^'C; and 
a face stock adhered to the PSA. 

35 

9. A PSA construction according to claim 8, wherein the PSA has a storage 
modulus of at least about 6x10** dyne/cm^ at 1000 radians/s and 25*^0. 



5 



10 
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1 10. A PSA construction according to claim 8, wherein the PSA has a creep (% 

strain) at 90°C of less than about 100. 

11. A PSA construction according to claim 8, wherein the PSA has a creep (% 
5 strain) at 90 °C of less than about 60. 

12. A PSA construction according to claim 8, wherein the PSA has a creep (% 
strain) at 90°C of less than about 50. 

10 13. A PSA construction according to claim 8, wherein the PSA has a of less than 

about-5**C. 

14. A PSA construction according to claim 8, wherein the PSA has a storage 
modulus of at least about 6x10^ dyne/cm^ at 1000 radians/s and 25*'C, a creep (% strain) at 

15 90 °C of less than about 60, and a Tg of less than about -5 **C. 

15. A PSA construction according to claim 14, wherein the PSA has a creep (% 
strain) at 90 ''C of less than about 50. 

16. A PS A comprising: 

the polymerization product of a plurality of monomers, comprising, on a percent by 
weight basis, based on the total weight of the monomers: 

(a) about 25 to 35% of at least one alkyl aery late; 

(b) about 30 to 50% of a diester of a dicarboxylic acid; 

(c) about 20 to 30% of a vinyl monomer; 

(d) about 0.5 to 1 .5% of an ethylenically unsaturated C3 to Cj carboxylic acid; 

(e) about 0.15 to 1.0% of a cross-linking monomer selected jfrom the group 
consisting of multifunctional acrylate and methacrylate, epoxy-fiinctionalized acrylate and 
methacrylate, and chelating acrylate and methacrylate; and 

(f) about 1 to 5 % of a carboxy acrj'late or methacrylate monomer, the homopolymer 
of which has a glass transition temperature below that of poly(acrylic acid). 

1 7. A PSA as recited in claim 1 6, further comprising at least one alkyl methacrylate, 
the total amount of all alkyl acrylate and alkyl methacrylate monomers being about 27 to 30%. 

18. A PSA as recited in claim 16, wherein the diester of a dicarboxylic acid is 
selected from the group consisting of dioctyl maleate, di-2-ethylhexyl maleate, di-2-ethylhexyl 
fumarate, and mixtures thereof. 

-21- 
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1 19. A PSA as recited in claim 16, wherein the cross-linking monomer comprises 

acetoacetoxyethylmethacrylate, glycidylmethacrylate, or a mixture thereof. 

20. A PSA as recited in claim 16, wherein the carboxy acrylate or methacrylate 
5 monomer comprises p-carboxyethyl acrylate. 





21. 


A PSA, as recited in claim 16, wherein the plurality of monomers comprises: 




(a) 


about 28.7% of 2-ethylhexyl acrylate; 




(b) 


about 25% of vinyl acetate; 


10 


(c) 


about 43% of dioctyi maleate; 




(d) 


about 1% of acrylic acid; 




(e) 


about 0.3% of acetoacetoxy ethyl methacrylate; and 




(0 


about 2% of P-carboxyethyl acrylate. 


15 


22. 


A method for minimizing adhesive build-up in a printer caused by extended 



printing of adhesive labels, comprising: 

passing through the printer a PSA label construction comprising a release liner, a PSA 
coated on or applied to the release liner, and a face stock laminated to the PSA, the PSA having 
a storage modulus of at least about 5x10* dyne/cm^ at 1000 radians/s and 25° C and a creep 
20 (% strain) at 90°C of less than about 125. 

23 . A method according to claim 22, wherein the PSA has a storage modulus of at 
least about 6x10^ dyne/cm^ at 1000 radians/s and 25 °C. 

25 24. A method according to claim 22, wherein the PSA has a creep (% strain) at 90°C 

of less than about 100. 

25. A method according to claim 22, wherein the PSA has a creep (% strain) at 90°C 
of less than about 60. 

30 

26. A method according to claim 22, wherein the PSA has a creep (% strain) at 90 °C 
of less than about 50. 

27. A method according to claim 22, wherein the construction, when comprising 
35 50 lb paper face stock, results in a paper tear during a 90° Peel test at room temperature on 

stainless steel after 10 minutes with a force of about 1 .0 lbs./in. 
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1 28. A method according to claim 22, wherein the PSA has a Tg of less than about 

0°C. 

29. A method according to claim 22, wherein the PSA has a Tg of less than about 

5 -5°C. 

30. A method according to claim 22, wherein the PSA has a storage modulus of at 
least about 6x10* dyne/cm^ at 1 000 radians/s and 25 **C and a creep (% strain) at 90 ^'C of less 
than about 60. 

10 

31. A method according to claun 30, wherein the PSA has acreep (% strain) at 90 °C 
of less than about 50. 

32. A method according to claim 30, wherein the construction, when comprising 
15 50 lb paper face stock, results in a paper tear during a 90° Peel test at room temperature on 

stainless steel after 10 minutes with a force of about 1 .0 lbs./in. 

33. A method according to claim 30, wherein the PSA has a Tg of less than about 

0°C. 

20 

34. A method according to claim 30, wherein the PSA has a Tg of less than about 

-5°C. 

35. A method for minimizing adhesive build-up in a printer caused by extended 
25 printing of adhesive labels, comprising: 

selecting a PSA determined to have a storage modulus of at least about 5x10*^ dyne/cm^ 
at 1000 radians/s and 25°C and a creep (% strain) at 90°C of less than about 125; 

preparing a label construction comprising a release liner, the PSA coated on or applied 
to the release liner, and a face stock laminated to the PSA; and 
30 passing the label construction through a printer. 



35 
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36. A method for minimizing adhesive build-up on a slitting blade during a PSA 
label-converting operation, comprising: 

selecting a PSA determined to have a storage modulus of at least about 5x10^ dyne/cm^ 
at 1000 radians/s and 25°C and a creep (% strain) at 90^C of less than about 125; 

preparing a label construction comprising a release Imer, the PSA coated on or applied 
to the release liner, and a face stock laminated to the PSA; and 

slitting the label construction with the blade, whereby the blade is in contact with the 
release liner, the PSA and the fece stock. 
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